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“I. Principal Investigator (give title ond degrees): 

••' • '• . • 

^2v * Emi1 R. Unanue, M.D. ’ 

l—.’v&v ?i t■■£•*,Y..\ y <Z-', v ’ - : i • •'• • 

. *v:-i 2. Institution & address: ” . ' 

~ Department of Pathology ' , ‘Af, ' 

Harvard Medical School • • 

■^££^£••25 Shattuck Street ■!■..>••.'' ••■.;: ■ 

Boston, Massachusetts 02115 - : 

)V * 3. Department(s) where research will be done or collaboration provided: ’ • 

X/:. Department of Pathology ; • 

■ : 4 . Short titfe of study: ’ * • ••*. * v. / 

*• • Physiopathology of Normal and Activated Macrophages 
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Do'®-- May 8, 1975; 
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5. Proposed starting date: September 1, 1975 
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. ; 6. Estimated time to complete: Three years 
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. 7. Brief description of specific research aims: ‘ .. 

i'"-This application is for continuation of studies on the physiology of macro- 
! phages and their role in disease. It focuses on the investigation of biologically t^T^‘ 
active molecules secreted by macrophages: their characterization, regulation, and J 
function in physiological states and disease processes. The experimental project 
consists of experiments in which macrophages treated in different manners are cul- ’ 
•tured; the culture fluids are examined and characterized chemically and biologically. 

Work along the lines described above has been done for the past two years with , 

positive results, some of which have been published. From this initial work, as 
well as from work of others, it has become quite apparent that macrophages secrete 
a number of powerful active molecules which have the potential of playing an impor¬ 
tant regulatory role in in vivo processes. Heretofore, the secretion of macrophages 
had been in great part ignored, yet it may represent as important a function as 
phagocytosis. So far we have found an inhibitor of cell proliferation and stimula¬ 
tory molecules that promote lymphocyte proliferation and differentiation; others 
have found a number of enzymes, such a r ., for example, a plasminogen activator-like 
molecule and lysozyme. 10035460T8 


This application contains three basic goals: attempts to 1) relate secretion 
.of biologically active molecules with the state of activation and function of the 
phagocytes; 2) to isolate the molecules; and 3) to define their biological ac- 
r* tivities. We are concentratina on four activities that anneac tn nrnmnte a 
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* tatcrnen * working hypothesis*. r >'*-). ~;rv- \ . ; ^ . * .;. * . : m .*\:. ;:j A < : 7;*$.?$*•* 

Macrophages are cells found throughout the different tissues and endowed with power- ;5 
**£fu1 biological functions, mainly as concerns their role in inflammation. Macrophages 
s .‘respond in various ways to external stimuli and are thought capable of regulating a 
J^number of cellular functions. The role of macrophages in the lung (alveolar macrophages) . 
^^in local bacterial resistance is known. Their general response to phlogogenic stimuli, 

. ^ . such as inhaled materials, is only partially characterized. In order to properly out- 
' feline the role of this cell in normal resistance, basic studies on its response are 
^necessary. It is our contention that macrophages play an important regulatory role not 
■^only by handling of antigens but also by the elaboration and release of regulatory 
^molecules. -These molecules are best released following phagocytosis and serve to focus 
llt^and Increase the specific limb of the immune response, i.e ., the lymphocyte response. ‘"?&>'*** 
>';<The biological and chemical characterization of these molecules secreted by macrophages 
••'v'inay represent a fundamental and necessary step for our understanding of the function 
IS);of this cell. • > -♦v-s /. . .. - . 
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9. Details of experimental design and procedures (append extra poges as necessary) 1 


T\PIease see appended pages. 
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‘%&10. Space and facilities available (when elsewhere than item 2 indicates, stote location): ••■* - \ ■ ~ • ^.->»£’’ v \ . l ' -j; 

:■ '••••' ' •■■•‘••'•f • ■■:?•“ -■ • . v* ; - ■ • f v..-.•"■•V 

.ijAj?.*;» laboratories are in the Department of Pathology at Harvard Medical School. . 

* The Department occupies about 16,000 square feet of space. Common laboratories con- "■ 

taining gamma and liquid scintillation^counters, spectrophotomer, lyopholizer, etc., are ^jv. 
^available for all members. Ample animal facilities are found in a building next to 
a the Department, fly laboratories occupy about 2,500 square feet of space. They con- •f'y.ff 
■JgsUt of four, different, interconnecting rooms with an annex for desk space. The •' f 

^laboratories are fully equipped for tissue culture work, microscopy, and immuno- 

—>:*•'••;.••••••; •• ■■ .■ ;V-v\ 
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11. Additional facilities required: 
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Biographical sketches of invcstigalor(s) and other professional personneli(append): Cj!W. 
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Publications: (five most recent and pertinent of investigolor(s); append list, and provide reprmts \v,^ ^ 


Source: https://www.industrydocuments.ucsf.edu/docs/tpdm0000 





R: REDACTED MATERIAL 



’tfrofeivonaf (give % time of investigotar(*) 
if no jatary requeued) 


Emil R. Unanue, H.O 
'•* Miguel Stadecker, H.D 

■- * *i ■ l' . 


*>•$<** 






K Wi W Ov vJ. 

*S* 

.* •. Amount - . 


?yi?£i>MCT£D 




•'REDACTED. 


mice, about 400 to 500 per month; 


rats; rabbits 


Chemicals and isotopes 


v" REDACTED 


Sub-Totof for & 


C. Other expense* (itemize) • ^ 

Expenses for animal care and food (about $300 per month) 

&&:%• -.y. % -/? . * - 


^-Travel to scientific meeting 




Sub-Totol for C 


Running Total of A + B + C 


D» Permanent equipment (itemize) 


Hewlett Packard 65A Calcultor with programs 




-** ’ - -* v *: -oi. 

Sub-Total for 0 _ 

E 

$ 8,160 

E. Indirect cost* (15% of A-fB + C) 

T c j q J f cC|UC)) — 

$63,490 

15. Estimated future requirement*: 



Solories Consumable Suppf. 

Other Expense* Permanent Equip. 

Indirect Coils 


ma^'\:3iz 'V rj» 
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*, *'♦; °f Projec* V : -> ‘V -, (give gronf numbers) 

f£^^11 ?*!Studies on Antigenic ** ,: y f N.I.H* AI 10091 


V*” Source ' ’ 
e gronf numbers) 

AI 10091 



i’■ ‘ r ^i 

|£As Co-Investigator: tfZtra- N.I.H. AI 10677 

^j&itrwtfturat’ Jjmunocyto- rVl^* 1 : *V'. 

Effi? 4 chemiatru of Cell *:% x . ’.:m 


$64,017 I 01/01/75 - 12/31/75 


06/01/75 - 05/31/76 


38,900 01/01/75 - 12/31/75 


« ^chemistry of Cell ..^^l. r ^^3.1 ? | 

^.Surfaces (Dr. M. J. " ; >?•>’ 

a NarnovsKyisr. i*/ ..♦, •• v -* * * 4/ * * + •.!./^.^‘ : ;^V'.' s. 

V (runs to 1978) ->•” wuniwr. ftp PiAhiNFn *-■ ’ ■' 
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ft I* understood thof lh« investigator and institutional 
officers in applying for a grant have read and accept 
the Council's "Statement of Policy Containing Conditions 
and Terms Under Which Project Grants Are Made." 


Principal investigator ■/.'•’ 

Typed Nome Emil R.y Unanue, H.P. 


May 8, 1975 


Telephone - 


734-3300 
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Checks payable to . .* * 

C vard Medical Scho ol_ 

Moiling oddrejs for checks 

Hr. Henry C. Meadow, 25 Shattuck Street 
Boston, Massachusetts 02115 
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,j r -'-' •>j^k£Lt- 


Responsible officer of institution 

Typed Nome Hr. Henry C. Meadow _ 

tui. Executive Secretary, Committee on Research 
r A » and Development 

V^We-rDote ^3.75 _ 
w Henry iT. Mcadcw 

Telephone 617 ) _ 734-3300 441 : 
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C " ' •. Background Information . . ‘ -;. .;/.v, ; , •,.> ; . , 

' -sy$K-i ■■■::*,■„■■ .- ••' - *u.:v> .;■ . .>•••'•.• .= ■• ■ . ....*• y ’“r . .. .' ..• • •-/. .-• ' •'. . 

■*’>y r ir-i'.: The literature on the functions of phagocytes (i.e., monocyte- 

macrophages) in physiological and pathological states is extensive. It is 

,y,;y*.‘y*»;. • v j - , *; .. ., *.** y y ( 4, ..*.■* j’.vyy.! x ■ • • y Vv * ... 

iny intention to review it but to emphasize the major points relevant 
; *$5Kj^*Y#fcto this application having to do with the macrophage and its role in resis- 

^’v k *" • * ■ ■ * -■* 1 • ‘ ■■■ 

■£:tance and immunity. Macrophages participate to some degree in a wide 

\ 'Sv-tSH: ■■ -v,-.*. ’’’ '■ ■ ■■ ■■ ’■■':■ ■■ - • ''"••• ' 

number of processes, all of which deal with the inflammatory reaction 

^against undesired materials. These cells are endowed with a number of 
properties that allow them to have a central role in inflammation (1): 

'• >s <••.>.. ?v. ; ..... v; ••/.*, •" v'-i ■■■ 

.1) macrophages distribute widely throughout various tissues; all the evi¬ 
dence indicates that they originate from a rapidly proliferating precursor 
-.found abundantly in bone marrow; from this precursor phagocytes differen- 

.>tiate and home to sites of inflammation—the differentiation and homing 

« . v ,.- . ........ .• 

is under some control which has as yet to be defined in precise terms. 

2) Phagocytes have membrane properties that enable them to bind a large 
.number of materials; in particular, phagocytes take up a wide number of 
antigen molecules via "nonspecific" sites (i.e.T not characterized surface 
••^f»'.?;«.components) and by surface receptors for the Fc portion of Ig and for 

activated C3; following uptake, phagocytes interiorize and effectively de- 


•h ‘V'i ; 




•.v 


,* j- . ■*iii'wV 






c 


.’grade most of the foreign material (3). Hence, phagocytes play an essential 
,,role in elimination of antigens. Lastly, 3) phagocytes respond' to environ¬ 
mental stimuli by becoming "activated"; activated phagocytes have increased 

biosynthesis of enzymes, are more active in phagocytosis, and are more 
-> O 

microbicidal (4). (The term "activated" is a very poor one, meaning ^ 

different things to different investigators. I used it to denote the ^ 

cn 

macrophages that increase their metabolic function in response to external Q 
stimulation.) As a result of these three main properties, phagocytes W 
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C ?;>>'*represent a.'pivotal.cell in the inflammatory process and in immunity. In '' -mm 

.... s> ’ -ry •• ••v.*•• • •< 

Mt&S *•iv y%xinflca)matidrt —in general—phagocytes are'believed to play a major role in 

'-'•‘••'•TyV';•.'••*'• Jsv<- r -•» •• . ••.cry;,-:• 

elimination of dead material and. in wound, heal ing. In immune induction, 


- y, rtVf 'a -v-.•* :*v -**? .-w , , 

V.Tho imfal^a anfii 


V^*VCy>»,H3vV7^,<V ‘-?- w 




.phagocytes represent the main cellular .component of cetiuiar type or : ; . - $!*#$, 

•;;■*:• ; •.."■•>. -> IXv~* -a-' v? ;• '' 

•^^liy^/^^unities. Macrophages undoubtedly represent the major cellular component 

■;■■'••-■!..• “• >• ■•. vV.'-' • v.---rvi 

••i^^ji'^jinvolved in resistance to certain infectious diseases, such as those pro- r 

duced by facultative intracellular bacterias (4)."Their role in the ••:•■;' »• 

".■Urprocesses is essential. A great unanswered question concerns the role of .. - 

•>• •* < yy^^;'>V-v.r.-.Y s>:'~;.V- ... • •• -: ■• ... - ■•• :•. ' ••< •• • 5 

m MOnoe 1 n ri a v%■"» 1 i 4 * a ^ • ■ mA m a T«.ia /. A 4 > a a f Ak A A iai i a 4 * 4 am a v— V 


cellular type of 


• .• * ■ • t;x fc&ssr 

A'.’':'. .'-. 


macrophages in general resistance to tumors. Two sets of observations 


,vAi-v: 

r ^'ftv 


P°int to some kind of a role, although this is still to be determined: 1) 

.?.?. st . ra ^ 00 certain live bacteria at thejsite of a tumor produces a 
marked infiltration with macrophages and a reduction of tumor growth—' 
j^Sisj^evidence would indicate that this process ^cannot be explained only by’.22^<5/J«S@^OT 


Ip:X;.specific .anti-tumor immunity (6.); 2), io 'in vitro situations, macrophages 

-y^*:.have been found to exercise a cytostatic or cytocidal effect on tumors. ' • ' 

• •• * ."■-i. ^> •; :•’•••• • 'r.t. ■ ";M^r'W 

•‘-••ijyThese two series of observations suggest some kind of control of macrophages 

". r*. :'*■-'4 - n|:S n '''-‘ ' r • • ■ ■ .-■ • >•■'■"• ^.*’ • .-■’ .. • . '• ■ *■. V *■*»<£$& 

■ ' on cellular growth (7). •"" -.'V^r-. • . • • . : ; 


Y : v ? The exact manner by which macrophages exert their different functions 

’ v\ 

Is not clear. First, it is obvious that one set of effects is directly 2 

co >vy.; 

related'to their capacity for endocytosis and intracellular elimination of tTl 
foreign materials. A wealth of information is available on this process, - ; 
which I will not detail since it is not the intention of this proposal to 


• f- ~ >: f: -> r 
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r Hudy tti <: Very, recently, .however,-fit has,;.become -apparent that macrophages 

^■ ,/v i*;V “ s'■ '■’y. *.*.- • **'-*r‘•'*' iV> *‘ f '* '-.y's-u-ur' V',‘ ^ -«<? 7 ,v‘•-.r-.S.-';• •.■'-** * ■ - . /jiv vj^r 

exert some biological control-.by secreting certain molecules into thd' 

VirU: :**i '.F-f * 5 -'..-***£&& 

A. fiV+varfil 1 nl a v* on\/i rnnman+ Thi e- *Fi m/%+> •? j _i.:_j_i **. 


i.'that this release could be of sianificance-in Droducina tissup damans fftl. ' ' y*~ 5 :r - ; 


Our laboratory has been interested in the pathophysiology of macrophages 

C ‘ „?'''■■{''** * v'y-y'-.<• -. •• . ' •; '.>•;••■;■., ... •*•■’■> ?> ;& v**^ v v y 'V. v .:; • :; '-* f 

• ’■‘.• mainly as it concerned the role of these cells in immune reactions. It is •’Vy v, £0 




V/ * ''1 IS? *« \&A yt •: C -: . - 




..the lymphocyte. In other words,^macrophages.apparently function as an 
' anti gen-focusing cell favoring the interaction of various collaborating 

■ ’-V. - y\i^v - : ' ■ - . -• *''-‘Vrv;';Vr i*£**iy ; • •• 


( : antigen-focusing cell favoring the interaction of various collaborating 

£ ;v * '..- J ‘ 1 r' '**'■' * ■' . ., * *■ :*• ■! ’ 

. lymphocytes with antigen. This helper function contrasts markedly with O • ''’"'Si 

• . ■ ■■''\y ■:<<$$&. •/©»*••>*.£•• ■ © 

. the phenomena observed in vitro in which macrophages stop the growth of C*3 i/ v V&; 

■ ■■ ■• -1 ‘ ^ 

tumor cells. Furthermore, it has been reported that macrophages may also S y ;.V 


play a detrimental effect on growth of non-neoplastic cells, including § 

lymphocytes. . .. . ’ . 

: ‘ . *■ * ‘ * ’■ . “ ; 

During the past year we set up a series of experiments to reappraise 

■ •■ ■ •••..’• -v:-V- 

the effects of macrophages on various cells in culture. Our first experimental 

.. • ;• I'• '.:^yyvv-;.r-- 


^ . y .;yc*AbyjL>«^. nr^.Tru v 


•wvw L^ 


Source: https://www.industrydocuments.ucsf.edu/docs/tpdmOOOO 












#;. ,: ~ ‘ ••^•'^ z*:-^^^rb;jx x >tf'W •-'• •-«.'.C!->4*- '■■ 

C ' v' design* 'Which' proved to be' successfal ,'was-simply'to culture macrophages •? 

.•&4 v v / J. flhder vari obi conditions?'^, ^normal 'or-'activated; 'for various periods of -W$» 

'. .• •*£:»’*.*•'•:4,*.'• •-»■.'-•• i) t *.v** .--si'H' 4 . •• ■■■■■. \.>;& :-.• - ; - 

v; : ^'time, :following: or not phagocytosis, 'etc.,c'and^then to test the culture 


■ ’v^4,. *,> •' >, /■*;** \frtiV *•"' V;*’ ••!, c * 


■i’ ^sy^s'&V^-;' -.V-' ' : -Jl i" '’V^i % ?>;*.* 


5 • :' 



Contrasting-effects^tv cell ulair growth. r "More importantly'it appeared in - - 

■ tv*-: v, 1 ^ *J ! ' : v\‘V ,r .-/- '?•■ •• 'W • ..V ■* ■ *. .. -■ : . t,. -.*• :»;**.■■ • .... •.•’.•.,!• T ; * 

ffel inti nary experiments that the secretion of these molecules was regulated r4^>Vv?w« 

...-?, • \.. ->■'*■> > ■•= •-'•>-V3* ■;•- > v.t**.. '.■*:• e^'-K 

^:lU^by.-the-activity of the macrophages.^- The in vitro effects of-the secreted 

V’‘-v . material were quite dramatic. Indeed, their biological potential cannot ...'.'.<>v'.• 

r-''.;V..be. underestimated. .. v;-.~- -r - : ’■ 

'.fi^b molecule to be found was a low-molecular-weight compound 

- •' ' •' v ; 4•••':• &%< r .■ . • -> •:, ••, .--■>; 

r :' t ;:../, ; -H£':-.l a bout 600 dal tons; that Inhibited protein and ONA synthesis of various / 

■c'i/' 1 - ''fM*'* i,:V ‘ •• ■•• ' ■ • --^V'4 > ..... v f 4 -. 

kinds of_cells (11). The inhibitor was best seen in high-density cultures V* 4 * , *. 

^ ■** •/ 1 • •" .-■•wt- ■ :• k - ^ •;• . • V " V*; 


* . v of macrophages. A number of cells, including neoplastic ones, cultured in 

1 /’ Vta?.‘. v \ '•,■.•• ‘ *.‘ . ' ’ * • ** • .<•■,* ;■"i*.; ; - v *. * jv-- '...:.- . . .- -* .* • 


'^>ed1 um containing the inhibitor did not synthesize ONA but were 

4 0>1 I_ *r i_• __ _* . r_*_I ._». 


viable for 

■ ’ «* ‘ 

S Q0S in ■. 



VfK^fibroblasts, ’or other cells. We have as yet no*chemical definition of it. 

Preparative work has been in progress with Professor Manfred Karnovsky in O 
..the Department of Biochemistry at this Medical School. The important CH 


question of the relationship between its.secretion and the activity of the 
macrophage has not been resolved yet. It is clear, however, that the 

material is found in cultures of both normal macrophages and macrophages 

.1 *.*/ * * ' . 

activated by Listeria infection. My thoughts are that this molecule could 
conceivably play a biological role only in conditions where a large number 
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C V : a •<. w WacrolpKagesr’Tdcas WduhcT^tafrgefC£lTs',~stic'h'‘as It occurs" in immune"gran- ■$$£%$& 

'; •.. •;•:•'• • •.. «y--. ••■ ••_■ ..; • S*'.<«» ".:> 

tio't ; i‘ : it* Ts difficult" to Visfiilalize'a role ib'ecaus'e : o'f its"very /J 

a of action are a •?•• 



on • and-a* reducti on • of tumor • growth.' > - Studies on thi-s-- mol ecu! e- are - -i n 
"progress.' "'••••►.•*’’■-' - c T;’•.•' 


*The second set of molecules were found following removal by dialysis 
,^v '- of the low-molecular-weight inhibitor (12, 13). Indeed, following dialysis 
TV' ; • ‘(or in undialyzed medium from low-density cultures), we found molecule(s) 

that stimulated lymphocyte growth and differentiation. The biological 
C •... , activity of these sets of molecules were shown on several assay systems, all 
~..'V in vitro : 1) thymocytes were stimulated to proliferate and to respond to 

mitogens; 2) B lymphocytes, the precursor of anti body-forming cells, were 


^‘,'vy ■ ; 


t; •—v 

.vV,^* *< 



X-iif./Vviy^factors (abbreviated MCF) was seen in cultures of spleen cells-from a thymic 
yT - mice which could be made to respond immunologically to antigen. V/e have 
.submitted a paper, now in press in the Journal of Experimental Medicine, 
which I enclose and which summarizes these points. This paper contains 
the basic methodology and the results on which this proposal is grounded. 

Of great interest are the following observations: 1) in the preliminary 
experiments, it was found that phagocytosis of particles stimulated secre¬ 
tion of twenty to one-hundred times more material; 2) in the only experiment 
done, chemical fractionation of the material suggests that there'is more 
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: ££Z?/X-# fJ acr ophages.-. It was our thought that-if macrophages play a role in ,.r 

~* ^V *■•‘V 1 ~ :' ■ *■ . v >V* ;i 

■^Q-y.r-i inductive events by antigen presentation as well as in resistance to in- 

ijsi'gg'■■■#'*'*':•■ r-Vv-;*;:-v ‘ „•'•• "': ■■■ixg~‘ : - ■• .'• .'. -..• 

C^ffSJftBa J h F0uS5rtSit n uV e €&*Q? s (P?uSl)pyl^be u (?perati ygJnJr.1oafoa.ilJflnphold, '! 

, as well as other cells to foci of macrophages where antigen was being •■"'■■. 

* v-r V ■' • o. • *---•■ • ■ - ■ -"V/■■•* • i■■•- ■•■\j,v> * ViVrV®^-; ' 

• ...concentrated. Suggestive evidence to a relationship between antigen 


/concentrated. Suggestive evidence to a relationship between 




: ._^., ,...r. . trapping by macrophages and lymphoid cell accumulation came from observa- 

. - Is . ..tions thatthe earliest cellular reaction to the entrance of antigen into 

•' V''..'. V - -•» ■ -• - “ •'>••• • ■ " v •• ••• '■-•■ . • • - r-T- ~V Vi..* 

, . a lymph node Is an accumulation of lymphocytes. Indeed, radiolabeled v '.v; .= 

C . lymphocytes accumulate into a node when particulate materials enter and .-*1 
v^;. 1 - are trapped by macrophages (14). Our early studies tested whether macro- 
‘.•^•.’.1phage aulture^fluids obtained before or after c phagocytosis would contain..■ 

. a molecule that attracted lymphocytes. We did the experiment in the rat, -tMS 

*V<v. - yw'Vvv+L ft a ppa\< ■Pftv* P Kftl rt/i k\/ flw DftfftM Ua vi/ 1 4-kp Mni »»pvir4 + »/ . i ’•* 'f 


"did contain a powerful chemotactic agent for lymphocytes. The importance 
of this observation, if true, is obvious since it places the macrophage 
at the time of phagocytosis in a central position regulating cell traffic. 


Experimental Protocol O 

The purpose of this request is to further extend our analysis of ^ 
biologically active molecules secreted by macrophages. At the present • © 

time we do not know how many different molecules are involved and are 






Source: https://www.industrydocuments.ucsf.edu/docs/tpdm0000 





* •■**•»*; . 
•V. V* I' **- ?' <•<-!> ■ li 


s£v.'££.tefa}9(SecretecJ, nor )t tfteirJsioqtemi^try ,and. precise mode,of .action v $$ 

l^ave^no jidea .pf ^heir rple t in d,n vivo processes nor do we know the mechanism 

.■.-* c-> 

i" .controlling their biosynthesisand secretion. The long-range goals are 

. £ ?, \ •••• ;‘.T .• ~ r - - .7. ~— - V . » .« . / k* **-•' <=-, .* v; - «^ - • ...- ••' 

i *\' ■* * *“ **•' *MkN ,r v'.: *•■ *.< ••• v -W* '***.v~"v.V\ • : T*‘rV v> V v / • *• *; f : '* ' 

' • _ * j ' ** *■* ’ ’ ’’ 4 ti i ■?*/ flirt mrt 1 A AI 11 A rt 4 n k ■! a A U ami a a 1 amJ k * a 1 a a*> 1 i. a uuha 


'wW 


v ---.v...;'.'.;-* 


‘y^P^rinient%:^^investigate: . 1) the relationship jjetween activity qf mac- 
/ijV. ; . ; v ..." : ^if;pphages and secretion of active products; 2) the.biochemistry of the 
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' . secreted molecules; and 3) their biological characterization, 

Most technical details are included in the enclosed re- 
print (No. 3), which details our rationale for using the 


•"!^indifferent assay systems of antibody formation. The basic v'*.: ' 
•V.. technique is to obtain culture fluids from macrophages. These 

r"ture fluids at various dilutions are tested' for their effects: 
•‘"•'•"'•l" ,T»1) in stimulating DNA synthesis of thymocytes; 2) in increasing 

helper, activity of T. lymphocytes in a hapten-carrier ..system. ... 

Z;.'i in vitro; this is done by culturing spleen cells from selected 
n.^VUlT.i»rtce immune to a hapten protein, in our case fluorescein (F) 

- - ‘ ' conjugated to hemocyanin (KLH), with the same antigen; after 

four days, the number of antibody-forming cells made to F is 
/ • determined by a Jerne plaque assay (the spleen of the immune 

•u.^^mfce will contain antibody-forming cell precursors—B cells— 


y: "■ * 


y \’- : j : , reactive .to F and ready to respond if challenged with the . ...... . •; 

anti gen, provided that T lymphocytes with the carrier protein, ; *;;.i • 
ffr 1 :y.^?.^.*KLH> come into the system'as helper cells—this being the ' 


the presence of F in an unrelated carrier protein- (rabbit -• 
~A'•fZb’f-'C gamma globulin); and 4) chemotaxis using modified Boyden 

; .', rchambers as per conventional methods. All these studies will 
' ' ".'be done on macrophage fluids following dialysis to remove the 

../ . - ; ' 'inhibitor. I do plan to include analysis of it in undialyzed 
•.", . •' fluids. | ... 

A) The first project questions whether macrophages stimulated in 


ir 


various Ways' synthesize and secrete different amounts (or classes) of 
molecules . I believe it is important to outline the conditions, cellular 
or humoral, that may modulate the phenomenon of secretion. By doing this 


we will be in a strong position to place the phenomenon in a better 
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is to carry but the* experiments’ in the mouse (and/ ;$?v'- 
Macrophages will be Isolated and stimulated in vitro ■ 
f*,-.- i>-y>■■ —«/ —. r --..ig them to a series of materials - -most of the materials 
selected will.be those that are readily taken up by the cell; 

adjuvant type of : •’ ••• .'*•• 

are readily taken 

_ . . . ....... _antigen-antibody 

complexes made up of soluble protein, or particulate antigens 
^ A suc ^ as s ^® e P erythrocytes), and various dead bacteria. Of 
• •*'<?£&&•*J®P®rtance is to consider certain bacteria known to produce ^ 

?.&,fcarked stimulation of macrophages (and also of immune re- ' 

’k?,':'' 1 ?sponses): tubercule bacillus, Corynebacterium parvnm and ", 

monocytogenes'* and nonbacterial adjuvants, such as 
gr'‘" v: ' V? £vt:->Aheryl 11 inn salt. Depending on the results, we will try to 
V '., - 'ilobtain an idea if the reaction is modulated by the step of 
••". membrane-particle interaction prior to phagocytosis or by the 

?• ; Phagocytic process itself or by the nature of the material. 

—ran h* rfnno hu ua^nn size and nature of the phylogo- 

antigen-antibody complexes can 
; culture dish; the macro¬ 
still their surface 
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l-^ p f,?r e ^? e e ^posed to the various materials and 
— cultured for various time periods; culture fluids are then removed and 
- tested biologically. Morphological and cytochemical determinations (for 

• V' !*••»’ V 1 V Wf 1 • 1 %JU o-* i»*» iv*-!VT i j u »../ V.--4 

acid phosphatase and total cell protein) will also be determined. 


Another variant of this experiment is to administer the phlogogenic 
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materials in vivo and then to determine if the spleen or peritoneal macro- ^ 


phages secrete more of the biologically active products. 
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It is important to consider that there may be more than one stimuli O 

CO 

needed to produce an effect. Perhaps macrophages need- to be activated * • O 
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;;;:v . tf-irst. (as i t results, for example, by a systemic bacterial 1 nfection. <in ■ 

•., V-^,. ■* .- ..V . • • m •*■*;• .. .. •♦: 

- -.\_.Wiifch bacterial - products plus* the”immune reaction produces system’ a'ctiva- 

*;£ <v ,;- ,/tion of all. phagocytes) and then challenged by a phagocytic event. These . 

x *nf rAlaf.inn^h*in<: arp ampnahlp t.n Avnlnratinn ucinn marrnnhanpQ py- / 


different organs, - including lung and spleen, is to be considered, i 
Hs-.i'v?--A\:>An Important point to analyze along these lines is the relationship 

* ji-y‘. 4 ‘ ! .*■ ->• . -w . .. •. . . , . . , „ • v _ . . - * . .... • . - _ .. . . . • 

t&i •■•' • ■ '’Xn.rZfrt-j : -w •»:..*.•;■■■■■:• .••. ’ .. • •• V. •• •. ; ;.• 

^ y.between secretion and biosynthesis of .the active products.. .This will be 

. ^«^V‘ ,. -I•Sii'i iiC'ttii ri i * * La. Xiivov t'.jtw i.» t : Caw*, t.v uy‘ CU i i :. * 

;V ; tested in cultured macrophages in which protein synthesis is stopped 

t; Wit- . ' i,. ■• -- * “jJ * .. ■ p ** «•-’ i*. .. \ -■ ■ - - ; * 1 . .... - .. M .». . . •» i‘. 1^.-*. .** 
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^following treatment with the various protein synthesis inhibitors. ' - 
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; Jn essence, we first plan a series of experiments testing whether ,, 
various stimuli signal the macrophage to make and/or secrete the modula- 

^ • ’* ' ‘ ’ *' * : / vf ' 

/ :/^tory molecules . experiments should give us an indication whether V* 

.V i' .'4'/-^ ifjl 'r* 4* V-JC** r V* : . * * • ■ ‘ - ‘ ■ . ■ • ‘A . • •.{ 

^ this function is controlled by external stimuli and of some of its basic ’.V'-'-V 

mechanism, • • - - ‘' (■P > 

. .■* % • 4t w • * * _ t * J . . 

second important goal is the chemical isolation and character- 
■ : r- • ' '' •.j.v.n+A.nrt af tiw mnl.amil.ea. Thi <: will ho atfomntorl hv nrsnsMtlUA anrt •*•• 



- ^ (Figure_5_jp'f jthe_encT_osed pap_er_No.. 3 .shows_ our jnitial attempt.) We have 

1 '■* , ' L v.- i- ’ * ’ . * • * **■'•••- •- - <*.' f lV>'*v 

. ...‘ . • . • ‘ix 1 * * ‘ • * ' • \v*\.•*-'**. 

sufficient experience to be able to carry out at least part of the initial 


C 


biochemical work. Our first idea is to culture macrophages in medium de¬ 
void of fetal calf serum (see the experiment of Figure 5 for an analysis 
of this point), concentrate the fluids, and attempt separation of the 
molecules by Sephadex G200 or G100 filtration. Chemical analysis of the 
purified or enriched materials will be done using polyacrylamide gel 
electrophoresis; the experiments also call for the sensitivity of the 
material to various enzymes, including proteolytic ones, fty laboratory 
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"vV /’* cfoes'*co>l^abcyrdtive ? 'work 'withr^that of’Prof-;; Manfred Karnovsky in the 

' .DeVaVtnlent-'of Biochemistry Ti^reV - DV/ Karnovsl<y'has"'a iarge ihteres'tr’in"" 
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-f , ' ■•■ . i zation of- secreted molecules -.— • .Several-:l4hes> of- investigation are contemplated. 

• •: ‘ •-* ' ' '{‘il 

The first series of experiments described in the attached manuscripts suggests 

*'* ■'.*> [\ : y . \ v -•• 

that one molecule has the capacity to increase or develop thymic function— 
thymocytes proliferate and are able to respond to phytohemagglutinin 

mi“. i ■ /i . *• * n . * .* ■ -*• V .Vv*‘*'V* .. 'Aii*t~‘ 

r'v-V.denature thymocytes respond poorly, if at all, to PHA). "This suggestion 
is strengthened by the results shown with the spleen cells of athymic mice 




; that strikingly respond iimmologically when cultured with antigen in the 


<* \ w 


macrophage fluids. It is possible that the undifferentiated stem cells : *$$}$£ 

> .* ' t* V",~- -v/?4‘ 

stimulated to differentiate into 


^7^ ; :X,l4ipf the nude athymic mouse are rapidly stimulated' to aiTTerenmaxe into 

*; -ii. ... ,.y. 

•v.'k'*yiT helper cells. We plan to test whether the MGF promotes differentiation , • .. 
.■»^i'M?:^'o'f thymbcytes ‘(and stem cells' formed in spleens of athymic mice). ;This 

' * - - . ..'ii l._ u..- . \ l._ ..11. *_ _ t -...j 1 .n .. 


• v.will be done by: .a) culturing the cells in MCF.and assaying cytochemically 
for content of several thymic alloantigens—the thymocyte, as it differen¬ 
tiates changes its surface macromolecules, the alloantigen 0 decreases, H-2 
antigen increases; b) assaying culture cells for these immunological 
functions of mature T cells, i.e. , graft-uersus-host type of assays and 
capacity to help B cells for antibody formation. The possibility that the 
MCF, likewise, promotes B cell differentiation to plasma cells was suggested 
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by results in which enriched B cell populations cultured in MCF differentiate 

to secreting cells. This experiment v/ill 
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•.•^^•.•« f r.: ; pqcrophages,. immunized to v .two 0£.three..antigens,.(horse .red cells,..the hapten 
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• or t DNP) yrill be ,isolated,,£>y preparative jnethods, cultured at various ;.' 

• vfe'.'s; t ' v ■ •: •>;• ;'v .4- ' . ' >. : .: • 

,’JZ "... t ;'|1roes inthe^presence ofJICF.^and assayed for,, antibody-forming cellsat . ,/>. 
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helper^cells. promotes differentiation to plasma cells and the time 

.•X.-i-i-'Vfyr':’.;. i*° do j^_r, ,.y.7 n -‘r ; f : ■.; ./V r•' ' -Jj v^rc 


required 




.,•}; t . •' *' %*v. • „ . , * . ;• - , '• "* i ' 1 ”* *."*? . '.-*•- s a , t • ■ - . 

r V>V r ' .The studies of chemotactic material consists of tests for chemotaxis . 

^'-y. »• ' iV *,/. ^ v. uvt/iUvc. M <»»v> t*t-o v w t ta *• I l * iv» Wr l i; t k w i <.*U;,Qi v. vt>« i I & UtSU» 

w ‘ '' v using modified Boyden chambers and following conventional methods. As . , ‘ 

'N-': : !i ;v target cells, we will employ macrophages, lymphocytes (as whole populations 


9 r as semi purified B or T), and neutrophils. We, therefore, hope tc 
V tablish whether there is a single chemotactic material and its cellular,. 

■ specificity. •■. ... - ’ , :v ''t ' L '"' ' 

( All the experiments so far detailed call for analysis of these power- 

.-r... ful secreted molecules and their relationship to macrophage function. The 

crux of the matter, however, is whether these molecules are operative in . 

f;-jHn vivo or simply represent a laboratory curiosity. The point holds true 

5 actually'.for.many kinds of mediators of inflammation and of immunological 

■^1*■*••• .7s^r?*^ 
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reactions described so far, and its solution is not an easy one to tackle. 
■.'4'y-yv.. I plan to approach this problem along two lines of investigation: 1) 
to try and develop an antibody to the molecules in question and by doing 
this use the antibody as a probe to determine whether the molecules are 

found in vivo or whether the antibodies will modify particular macrophage q 

© 

functions. Making antibodies to soluble mediators has been very difficult CO 

Cl 

in the past because most of the mediators are poor immunogens, apart from ^ 

the fact that biochemical purity has not been accomplished. One hopeful ^ 

• CO 

point in favor of success in our experiments is that the macrophage 
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■ ••■=■"stimulatory molecules are found in culture fluids basically free of- 

. ; gxtraneoQs material sssutlras* feWi'tSTf ^§rUrti:' nf 'd(ir taba'is ’to‘ obtSiri the 

i^vv T;: ; - ., "puri f i ed? • f ractl ons * from' 'the experiments detailed in Project 2 and' 

^*Vy• / / ’^ , J-, . • • -. * \ * ‘ ^ ^.. * * . . ’ ■.y. * ;'*;•>/= fy i ;; £$7*V *< \.../'. /* r ? ■ ; • . • ‘ . 

vv? ifi^unize'rabbits repeatedly. ^ i' pi an ’to followconventional approaches, 

• C'-'V-’- '■■■&$'■'-' •■■"■ • ...- -j ’"$*:*'?**' : • • ./•-'-'V.v 

trying "to use as pure a material-as possible and doing the series of • y4 v 5. 

immunization gimmicks familiar‘to immunologists (i.e.. incorporation of 
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-.the antigen into adjuvants like Freunds and/or attaching the antigen to 
.• a schlepper carrier). The antiserum will then be tested for its capacity 
'to'neutralize the activity in vitro "before proceeding to any in vivo 
'■ 'analysis of its effects. '. .’ ’• 

2 ) The second approach is to test the MCF for the biological activity 
directly in vivo. -That-is to say.-if these factors are also operative in 
. vivo , one would expect that simple introduction of^antigens with them 
should modify a regular immune response. Experiments testing conventional 
• immune responses to antigen given with or without the MCF are thus contem- 
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plated.' 'In particular, we are keen in testing athymic mice. We know from .•Vtftira&K 
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examining this problem. 

! In surrmary, based on our initial experiments we know that macrophages 
secrete into the extracellular milieu a number of molecules having powerful 
modulating activity on various cells including lymphocytes. Our hypothesis 
is that the initial step in immunity involves the uptake of antigen by the 
phagocytes and fromrthere the whole series of inductive events rapidly 
ensues, comprising a series of amplification' steps and control mechanisms. 

Involved among the amplification steps may be the series of molecules des¬ 
cribed herein, all having as a function to trigger best the lymphocyte '/X- v 

■ • • : ■ r . * 

• ... .... >•'%*.. •’•••♦'. y Y*i‘ * 4?*. 

. . . ’ • . . .v... */- 

■ '• ‘ , . ■ N. . . t.' 4 -..- «■ , , '* . . *{.S. tt* 

- v'.-v-••••.• : .y‘.. 


; f.‘* 


Source: https://www.industrydocuments.ucsf.edu/docs/tpdmOOOO 





T®kV^c?v*\ T/*.*f .‘ :*f—v. ‘it’ *•**■■*■**'• *?-V ' 

•* --. 

.-i'fiy&H-i-" : v-.-V :*- ,*■/ 


‘ f *. */■/V.t* ■„* ...i 


•• •-*;r ^; .* k - i r i * r - ‘ — * ‘ ** ’ « ♦ •*■. f ^ V..*'* r * * . . . . V •*' "■ •, >5 \*t * • ■* . I >* v’ 

C *r. ,, , «>V '• '’i • * * i* * e UhmI*j |h ut J »ttrfr- > • • • - r v • ■■ - • * ■•.■«. 4- ».. ,\ , .*•-iAo.' . • 

j - which is the specific arm of the response,- This proposal, then, represents 
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r :: an effort to understand further macrophage function and Its role in local 

v"'" and generalized'’ resistance' a'nd w fimnunity'."'"We u should not overlook the \ V ! 
V-'-'.- potential use of these molecules’in future'clinical trials. 
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